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t54) SOFTWARE PREFETCH METHOD 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a prefetch 
method for the reference of an array, in which a 
subscript expression is not a linear expression of a loop 
control variable. 

SOLUTION: It is discriminated whether the reference of 
an array inside a loop is the subscript expression of the 
loop control variable (105) and when it is not a linear 
expression, a preceding loop which is to be executed 
preceding that loop is extracted (108). Then, an 
instruction for prefetching array data is inserted into the 
preceding loop and a code for prefetching all the area of 
the array in the preceding loop is generated (109). 
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(54) ^mo>^m y7h'>xT:/U7xy5^;5rj* 



(CT) [W*^;] 

x.^^i3-iLdi}-ip\^L (10 5). mmx'^j:\>^m^ 

KOffiL (108) . $feff;i'-r4'(cie?ijx-^^ru 
7 X -y ^-r^&^^^if ALT^fe^f>'^-7-c'i^mlSSr7• 
'J7x■y^•rsa-^'^^■rl> (10 9) . 



CEJ. 



102 \ 



108 



109 



107 



^wi^—yx-UMnco^^zrv 7 ^ -y ^-r i 3 

:7-fc±t;^, mfffi^lSry^x-yf-n-H^XT- yr^ 
[|f*^4] ii*3Si^Jt{i2<5oy7h'>xTTi;7 

[00 0 1] 

X >y -^^^^WA-r ■& i t J: 0 ^-V -y >- J. $ X ^-^IJ 

Sj-r s y 7 h -^x rr y 7 X -y ^:^icB8-r ^ . 

[00 02] 

[fi!*cOgW] QTo-fe -y-t^coa^rBjilCff-sT 

{i . ±.ieit i 0 i> r ^ -fe;^*>M < irti^W/jN^acodf -v -y 

j.Srr:?-feXL. ^^r-y>-i$XB?F{c<OPii^ ±ieit$:r 

C 0 0 0 3 ] ^^r y $XB#co±ie'|t#BScoi'-f r-i' 
i'SrS-f^at LT. ^Ji.Jf rxoddC. Mowryffe : Design 

and Evaluation of Conpiler Algorithm for Prefetch 
ing. Architectural Support for ProgramiDi ng Languag 
es and Operating Systems, pp. 62— 73. 1992 j ^i^iz^ 

^felTWtc^lirr&ry :7x yf^^^TD-fe y-y-tcfflm 
nWN'-f ^lzXr>xyu^^j^^{zy'Vy 3i'y'}~^ 
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■ttuf. mmj\^-ym TT^L-x-^mthf-^-^f^^ 

z t i)<x^ § . 7- y 7 X -y -^commMmii , mt^m^ 
ji'-ymm^cmm^x'm^tifzmtmmx'hh. 
[00041 z<oyfmx'ii. mtimi < a ) c^-rj: 

^ y ^> ^ -ir -y JL tw^Srf-S oKiSl-r.?. -If -f 

(^*yU"fx>i^) L$-CT'SiJ-:.3ttta= rL/C-1 

itSEt. 08 (b) iz5^-tXoiz^ i +ams<r>m*)m^ 

LT^ra-^^a (i + « ) Srry^x-yf-r^^^J: i[5I 
Sc0U*)MUznX-t^. Z<7)J:dl,ZamtkcomKfML 

x-mmti- f-^ ^ftby y7x-yf-L.-cfc<ii:{cj: 

*^'Btlc:^ ^ V >- i (c fij* L T V ^ cOT'^ >y J. b -y 
[00051 

[«Hj^»^t J; ob-fhmm'i ts»c7)ry 7x •yf-:^- 

STiS. #Bgx— :5'5-iS-tr;l'— r[*|{c:r y y x yf-n- 
KSr»A-rS:&^T'?)0. ry7x-y^gaf«^**:)T 

a w\wom K> m Lx-^mr^ rvux tztmy y 7 x 

Wr^^ay y 7 X -y ^3- H ^1 1 i^X^ tp-> 

tz. ZCOfzih. ry y'x-yf-cT)*^^^, T^l^^1fi)V- 

yv\m^(^m3mff)mmm<.zmhix. mt^iiim 
j^^-^^^mmmmitZMLxyvyx.'y^^mmthz 

biJ^X'^^-f}^'otz. 

[ 0 0 0 6 ] ry 7x 'y')-^tlfz'f—:$'ip^mml,Z^'V 
•yi^jL*»/i>jev->aj$ix^c7)5rR6<'Jta6{cJi. #,^cOiSfflr 
(cry7x y^S-^T:^-(^S;ta6fc:, «0|ircO«"53lL 

■cr y 7 X -y f-SrHfi^-f -s <7)*i|i L V \ 7° y 7 X -y f- 
^ -eixJ^JlBiricSIlT L/>:^{c{i:^f + -y i^i*- 4,36 v ^ai$ 
ixS^S&tt<5?gtS*s. =^-V"yv'j.^aA^#K;?ix.|,x 

s-oTv^i,irsfeit3!)VS<. ry7x-y^i7)Sj,^*ij,.|,, 

[0007] *5HB«0BW{i. -'U-rrtT'^.^^flSS 

^v«?ij#Bstc^t LT iry 7x ■y^i::j: y i^^f 
T■^^s^Mos&m^^#€.7•y 7x y^yjm^^-thz 

btizhh. 
[0008] 

'^i^istixhwsmm^znLx ^ ^(rmt^^i^)v~T 

xmr^tlhMr)X'-y^WL^^'ty^'r yy\ HXX/^ 
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[0009] ±ierU:7x •y^^^'T'y'rX'lt. 5fe=}T 
[00 10] 

[ 0 0 1 1 ] 02«i, ^wM\>zxh^>^-^^ =7immt 

"ji. CPU201. T-f;^TU-f^lS2 0 2. :3f-^- 

H 2 0 3 , ^w&mm.2 0 4 , mif^vmmmm. 2 0 

SiO^^^itTl^-g.. =^-d-r-h'203lcJ:'9. :3— 

S2 0 2izm^^tL?>, 9\-mimmm2 0 5{c<4, y- 

X7°0:?^7A2 0 6t:^:/>''x:? hTD^''5A2 0 7*^ 
^S*A$*tl.. ±fei^S204tc:«. 3>'.'nM72 0 

WU-ym2 1 0A<1S*^§ixS. a>/U;l^miiCP 
U 2 0 1 *«n ^raj?'^ A 2 0 8 SrHfir-TS ^1 i: 

[0 0 1 2] H3(:. m2<r>iyX7-J'-'cmWrth=i>-f'< 
5 2 0 8<7)3!aS^Jii5r*-r. 

[ 0 0 1 3 ] 3 v^N-^f ycmmii. m:icmm3 oi. 

-ymvr 3 0 2 . r u 7 X y ^mm-its o 3 . 

S'J'5#<t30 4. 3-K^3 0 5<^JI1T^t3. 
[0014] mXmii\3 0 1 X'\i. y-xruj/^ A2 
0 6S:A:'3tLT«:JC»«f^m\ 45^3-^2 0 9$: 

]^-h-th. mMm^mi.zmLx\i. mm tx^t^, 

9 0^) J fclB»$<xTV%«>. 

[0015] >v-yfm3 0 2 {c J; 0 . ro^-^ 
* fx ^ ;w-7'£0«-^iD iiif^1x^<r))V— y<DWmi3m>^ 
t>ix. iix7E>i;u-r«2 1 oictei*$/x.i>. )v-ymx 

5 (-f-fxyxa. 1 99 0^) J tcK^^iiTUS, 
[ 0 0 1 6 ] r U 7x •y^mmit3 O 3 ti. ^^ejcT^^f 

[0 0 17] Uv;?.:J'SiJ'9#tt3 0 4f{i4'ra3-H2 
0 9^7)^y-K'^^7)^i/X;5'ilJ0■^'t^t5r^T3. 3-K:t 
^3 0 5T'{±. 4'ra:3-H2 0 9Sr::i-yi^'x^hro^'' 
7A2 0 7lC^L, ^^-^h. 

[0018] mA\i)\^-y^2 1 oo{?ij$-iK-r0T'$> 
h. nmiiz^Ltzi^'-y^M. as (a) coy— x^-o 

[0019] Il4lc^f i 3 l;, ^l-— y"^2 1 OJi, 
J ffia4 0 K rj-ngu^w-r J ffia4 0 2 . 

•"iKmryu-yj ai4 0 3, r$ijiip^j 04, ^jv 

-7-(Eiaj »a4 0 5, rn^T-^-'f »H4 0 6A»£>W 



[0020] r;w_r#-^j ai4 0 1 #;P-r$r 

«f^-r-&3t*^{c, ^jv-ynzmsM^'^xhtthmm^ 

mAl^z^LtzmX'M. EI8<7)yo7'7A4' 
CO 3 ^ > h cz^t^ L J: o , 4 ocoyP-Ti: -eit-f it 1 

[0021] r jr^/p-rj ffi34 0 2 **JC-r S/U 

yco5'HS!l;p-yji'i'-y»^3<o;i^rT-S)^, -^coffi 

[0022] rjsiyyp-rj 834 0 3{cli. [5lt^l-ffi3;U 
-r^»o;u-rio|± ( tfzimmiV-yiWztcy.^)^ 
-yn±) <r>o*>x\ mmizm7^tLh)i^-y<D)i'-y 
^^t^i^ti^. m8<omx'ii. ^\-m)i^-y*^3<r))u 
~y\i)\^-y4 fSi^cr>x\ )U—y4<ommJi'—yii''j: 
\,\ r#-^l, 2, 3iO;U— T{ii'h»l'-7>' 

1?r;w-y"{i;p-y2. )V-y2(r>mM)V^-y\t)V-yi 
Tfes. yp-ri{i3tgi;u-rTibl><0T\ laiuyi—r 

[0023] ^mmm^i ffi04 0 4 (:{i;P-7-$iJ^^gc 
fih.ms cr>^)i'-y<D>v-yum^\,i.iK 

^'iXi,i,i,V.X'hh> 

[00 24] ^mT^^'^)Vim4 0 3iz\±. )V-yfSk 

ill.. 

[002 5] ^AiZ. 7*y7x y^Sja-fl:3 0 3c7)3t!S^ 

[ 0 0 2 6 ] mi tc. yvy:r.-y^mMitco9m^mi 

#X5" y7-^iJiBJ-rS. 

[oo27]X'r-yrio iTii. ^9m<r>fi^yifii> 
-rs-ioixotB-r. 

[ 0 0 2 8 J XT^yri 0 3TI4. ^I'-ri^tC^JIScO 
ffi5iJ#5B3&«fc-S7&»S:*'J^L. S>ti.{fXx yn 0 4X11 

[ 0 0 2 9 ] XT--y7" 1 0 5-Cii:. 3S^a4'<:Oie5iJ# 

!B<o^i.^5t*is^. }u-y^m$m<7yt^mj!tti^t'di>- 

[00 30] XT- y7'l 0 6T-{i. ^t'J^'fxVv' 

(7-U7x y^{cg-r&-9--^:;'^ns:) ^Lt-rs. m 

^-y'yh-^i^yiZ^-oXmt-yX^^hmTh^. t 

fz. j\^ym^^MLhfz*)<r>f'mmi7-^^ ^f^^ct 

L. ry7x-y^{CitJS^yl'-7-|Hl^a2r rL/C-i {C 
iOfh^-rS. XT- yT-l 0 7-CJ4, alHlflb<0^')i5t 

•!. lE^iJ^S^rTU 7 x y f-ri.^^$--'U-7'f*I 
izWX-th. a[Ilf^c7)#E{i, M5i.^jt'4'«0;l^-7^Jffll 

[0031 ] 8Si.^3&<SJB3CT-?5rV^fc#lc:{±, Xx-y 
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[oo32ixx->'rio8 (7)mm^j:9m^mim 5 iz 

op^ ;^X'y7"5 0 2T'loop(7)iI|?;l— r^^'i)^*^S: 

[0034] mm^i^-rtf^'^^wi^r' r 5 0 3^is 

-r^^fetLtfXT- 'y7°5 0 4 TloopCci^HI!l;U-r5:S^ 
X-rv7*5 0 2^S-:>T. CI (7)5^Hi;U--TOlS tu^l^ 

0 3. 5 04S:«ROiit. TSIu^l— r*51.oA-^^-ei^h 

[0035] lcx>P3!?^'rn:?''7 A5tgl<:0^?hffi!l;l--7°^:* 

5 0 5^at^o XT->yr5 0 5Tii:. TU^x-yf-ffltC 
;l^_37''2|s:#:^>^(;D;W-7''2:-f^^L. loopCOirirt^ttA-f 
;^^rc7)JfAmt3(i#^Lfc;l'-r2r;l^r*2 1 

XT- -y ri 0 9 cor U 7 X y f - n - b'^^SSr L 
[ 0 0 3 6 ] >^T- 0 9cOp*H=5:Ma^MS:H6{w 
[0037] Xt- ^y 7*6 0 1 Tii. ffi^iJ A*^<5iae^ 

S/nM b^-r^fc. njinesli rS/LSi tCiO^S^^iX 

[00 38] X'T-zzr 6 0 2X^li. y^l OBT'ffi 
0 ffi Lfv:5fe4T;l/— r^^^'^-rH^N Srii^. n_l ines/N 
STPCciSS'T'S. P(i^»9}^LllHlS>/:rOlcrU7xv 

^05lLS>3^cOWU7xv^^^iicntcP5't:UO 
[0 0 3 9] X'r v'reOSXn. roffset=Oj 

-rs=?-K^±^t. 5t^T;^-r^oru-- y^'t^tfA-r 

[0 04 0] >^T-^yr6 0 4Ti±. m S: 0 T^OM-fb-T 
[ 0 0 4 1 ] At ^y re 0 5 T'(i:m*^'n*M*^t'-3 

^L. n*3i^^tfxf ^yreoseijio. 



[ 0 0 4 2 ] XT y r 6 0 6 Tii ^ prefetch (&A+of f set 
+LS*m) J (Cffl^^-r-i) H LT^^T/^-r<:7);i^ 

r**4'cc*fA-r&. 

[0043] XT^r 6 07-rii:. mtCl5:;8D^L. X 
T" ^y 7' 6 0 5 tcRo T . mt^ n ^M^O^-^X -y 7" 6 0 6 

^oru7xv^^^4«^&^*?5i-ro x^^yre 0 5T 

m n ^> (f:^ T v r 6 0 8 ^MtS . 
[0044] XT -y r 6 0 8 . of f set=of f set+LS 

[0045] m6(7:>^mmrcii. 5tfif;i--rc7)^^o 

L -Cr U 7 X ^y ^ ^ ^ ^ »fT-r ^ 3 - K S: ^ t T V ^ 

hibK 5fe?T;u-r!^<3o--a5^^*)iit/itt"cry7xv 

^0i^LlHlSC5(?^'2OO. U^iJcO^^^yi^JL^-f y^^U 
0 0=5:^tt\ 5fe^T;P-rcOf^l 0 0|nlfitfCrU7x 
«y f"$:^^l> X o ^r^ftft^ :3 - K Sr^Ai" 2>:SrS*> 

[0046] KJLhT'XT^y7-3 0 3cor 'J 7 x -y f-ftiS 

[0047] mscoyt3^'yM.^miz^ :^mMm<7)9m 

[00481 XT^yr 3 0 2TvU-rM«T5:ffV\ 04 
[0049] XT--yr 3 0 3 W U 7 x y f-^M-fLA^'H 

[ 0 0 5 0 ] XT-^/r 1 0 1 x'^^m<o)\^-y'^m^. 
XT-^yri o2T'^-r;w-riS:ixoai^. ;u-ri{± 

;t,-3rrtecry 7x -y f'*t^i:^:Siii5»J#^*^'^rV^3t 
i6. XT-»yri 0 3;^?^i^XT*yr 1 0 ItcMO. <Xt-;^ 

— r2c7)J&St::5ttfo 

[0051 ] XX vr 1 0 4T'ffi?'J#.^. (f 0 > J 5: 

ixoai-r. XTvrio5T'as;^^5C«"f()j30^'iS?^^ 

T^V^hW^"t^^T\ XTv7'108^ffi^. m5iZ 

^t^T/i^-r^ixoaii-o XT^yr5 0 2T\ ^w- 
'r2(^mM)v-yii)i^-nx'h&(ox\ XT«yr5 0 
6 T'5t4T;W-rtc;l--r i $rS^-r ^ o 
[0 0 52] »:t;:xTvri 0 9^B^. laetcfifeoT 

mmir'ild • XT-^re O l-C. EJflbco^^ ViSc^rtf 

^-v^ySz-x^-f y-t>fX?:32^NM 

X4 0 0 = 3 2 0 0>'^M hThh^^^. njines^ r3200 
/32n =100^=5:^ • 

[0053] XT-yr 6 0 2Xli. ^W)y-y^'hh)V 
-y'lCDJV-rmkiflOOX'h^t^h^ P = 10 0/ 
1 00 = 1 i: =5:0. ^0igLS>/::0corU7x*yf^^ 
Wn\t\X'hh. 

[0 0 54] XT--/r6 0 3T7W— ric7)llfrtC roffs 

etl=Oj ^mX^h, 
[00 5 5] X^^yr 6 0 4TmS:OTl5!)«3'fkL. Xt 
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•y 7"6 0 6T TprefetchCSb+offsetl) j S-yb— 7"1 

[00 5 63 ;^-r yr6 0 7T'mJiiic^r'?. :^'r yy 
6 0 5<:7)2|aj^f^, :^7^ yT6 0 8^iS^T•\ yl—Tl <?) 

roffsetl=offsetl+32j ^mX-fh. 
[00 57] ;^-r yn 03lcMO, yP— r2C{i*3l!i 

' [ 0 0 5 8 ] :^-r y r 1 0 5T% ;U-7'4tf5EJlJ#Bg 
Tc (g(i,k)) J ^KOtti-r, ^i.^JiSlJgser^rv% 

[00591 Xy' >/r 5 0 2T;P— 7"4 HmmiV—V^^ 

nrz^^^<7)x\ ax-yT 5 0 4-ri'Hi;i'— rT'^)■i>>'^— 
r 3 i&iooptc:|^-r.&, }U—y3comm^u-y'iifi^-y' 

2 ^OT\ Xt" y r 5 0 6 •C^fe^ryl'-r IC/P-r 2 ^m. 

[00 6 0] }X(>z:Xy'-yyi 09i:mi'r^. Xf-yy 
6 0 1T\ iSJiicC7)i?--fXti8x8 0 0 = 64 0 0-'N''f 
h T'X> hoyZ\ V-i l^mt r6400/32n =200-CS. h . 

[ 0 0 6 1 ] xx-yre 0 2T\ 5fe^T;i'— rT^)^;^— 
r2co;^-rIHl^{i:l 00T'S>i>coT\ P=200/100=2i: 

^rO. rU7i yf-^^|gtn{i2-C'^>.|., 
[0062] y^f-^/ye 0 r2cOitlu{C foffs 

et2=0j 5rJ¥A-r-5.. 

[00 63] n*i2^(30T\ ;?.x-yr6 0 5. 6 0 6. 
6 0 7<?5«i31{i2jK^DiR$ir. Xx-yr6 0 6-C^ 
L?t r prefetch (8c+offset2) J fcil/ r prefetch (&c+of 
fset2+32) J i)V-y 2 O^^iiftcjf A-f ^ . 



[0064] mmzxy- yy SO SX- '■offset2=offset 
2+64 J ^;U-y2<7):^W<7)&mzt^A-rh. 
[006 5] 

v^i£3?"J#.^cs^ LT i> . MrJi^-ypTmn^m^y^j 

•yi^i±t3«OoTv^Spjtgtt*>'^<35r'9, ;u-:r4i-c<:o 

[EI®0@#^|^BJ1 

[01 ] 2|s:f|BJK:ffiSry7i y^^«t:J3»ti.ry7 

[02] *%ajC«&rU7x-y^:6^$rSIJrri,3>' 

[03] ^WMlzi^ I. T 'J 7 X -y rj >- 

[04] 08 (a) coy-;^roj?'^Atc^jc-ri»'i— 
r^^Sr5^-r0X'fcs. 

[05] *^HJtC<S ^ r U 7 X -y ^Ij^iZiS nh^WV 

[06] *^Bjc^s s 7- y 7 X -y f-:6«tct5 nhwm± 

[07 ] ts!*gSS{cJ: Sry 7x •y^cOfia|Sr^0X-* 

^. 

[ 08 ] J: s 7- y 7 X >y ^mmt<^m^7rctm 

2 0 8- -3>'>'N*-f 7. 3 0 3 -7'y7x y^S^a-fbi!!l 

1 os-^tfi^yi^-raxotbLx-r-yr. 109-iE 
yij^j^r y 7 X -y ^ 3 - 7-yy. 



[02] 



[04] 
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mi] 



m 1 



I Y&6 



102 



108 



1. ^ 



109 



107 



302 



for 11 « 1; i <■ lOD; { 
s - » * still 



for (i s ij i <m ioO» t 
■ - s «• aCi].- 
pr a f afccb ( La ( i4> ck ]^ 

303 } 



1— 



[06] 



m 5 



SI 6 



loop ^ Att^tA/W-^r 



501 



^ ■ ■ — ' ■ ^ fiA* 



<loopO \ 



601 
1^ 



P — n_l»»as/N 



ofr»«t=o 



603 

w 



606 



1^ 



607 
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imsi 



m 8 



doobla b[«00|. cISOOJ; 

for (i • Of i < lOOj ( /. loopi •/ 

sO « SO -r i- 

} 

for (i = 0; i < loor ( /- loop2 '/ 

.1 - s2 . ht«(U; 

) 

for |i « 0; i < aOO; i**) f /• loep3 »/ 

for |k - 0} k < 10; k**J | /* locp4 */ 

S » s ♦ eio(i.k)].- 

1 

) 



double b|400]» e[800]; 
of feed » 0: 

for (i B 0; i < 100; !*♦> { 
vlij - 1, 

prefetch (fcb^of Csacl) ; 
off seel - ofCseel ♦ 33/ 

> 

of£aefc2 - Q] 

Cor (i = 0; i « 100; L**-) f 
• lil - bffOJ; 

I»refec«b f4b^of £aefc2} : . -.^-^^^-^^ „ 
prefetch (&b«offser2*-32> : /• lcop307^7:&^ •/ 
of£s«c2 - offserS -» 64: 

} 

for (i - 0; i < 100. f 

for Ik = 0; k. < 10: k++) ( 
e - s + c(g(i.k) ) r 

) 

I 



/* loopl •/ 
/* loop2 •/ 



/• loop3 */ 
/• loep4 



THIS PAGE BLANK (uspto) 



( 



